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BEST AVAILABLE COPY 

Remarks/Arguments 

Claims 52-58, 60-68, 70-78, 80-93 and 96 are pending in the Application. 
Claims 52-55, 60-66, 70-75, 80-93, 95 and 96 stand rejected. 
Claims 56-58, 67, 68 and 76-78 are objected to. 

Claims 52, 54-55, 62, 64-65, 67, 72, 74-75, 77, 86, and 88-89 are amended herein. 
Claims 53, 63, 73, and 87 are cancelled herein. 

I. REJECTIONS UNDER 35 U.S.C, SS 102(a) AND 103U) OVER CHEN 

In the Office Action, the Examiner has rejected Claims 52-55, 60-66, 70-75, 80-93, 95 
and 96 under 35 U.S.C. § 102(a) as being anticipated by or, in the alternative under 35 U.S.C. § 
103(a) as being obvious over Chen et al, "Chemical attachment of organic functional groups to 
single walled carbon nanotube material," Journal of Materials Research, Vol. 13, No. 9, Sept. 
1998, pp. 2423-2431 {''Chen''), Office Action, at 2. 

Anticipation under 35 U.S.C. § 102(a) requires each and every element of the claim to be 
foimd within the cited prior art reference. 

To establish a prima facie case of obviousness under 35 U.S.C. § 103(a), at least three 
basic criteria must be met. First, there must be some suggestion or motivation, either in the 
reference itself or in the knowledge generally available to one of ordinary skill in the art, to 
modify the reference. Second, there must be a reasonable expectation of success. Finally, the 
prior art reference must teach or suggest all the claim limitations. The teaching or suggestion to 
make the claimed combination and the reasonable expectation of success must both be found in 
the prior art and not based on Applicant's disclosure. In re Vaeck, 947 F.2d 488, 20 U.S.P.Q.2d 
1438 (Fed. Cir. 1991); see also M.P.E.P §§ 2143-2143.03. 

The Examiner contends that ''Chen teaches on the next-to-last page a Birch reduction 
experiment which appears to possess the claimed functional loading, given the elemental 
analysis. (The other experiments appear to have one group per 35-50 carbons, so do not meet the 
claims.)" Id. 

Regarding Chen^ Applicant again repeats its response expressed in pages 2-4 of its 1.111 
Amendment filed August 20, 2004 ("the August 4, 2004 Amendment"). In the August 4, 2004 
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Amendment, the Applicant presented various citations in Chen to illustrate that, although Chen 
had hoped to flinctionalize the SWNT, Chen repeatedly admitted no certainty in actually 
accomplishing that result. August 4, 2004 Amendment, at 2-4. Applicant pointed out 
specifically why Chen was not in possession of sidewall functionalized single wall carbon 
nanotubes. Id. 

Notwithstanding the above-mentioned arguments, the elemental analysis cited by the 
Examiner found on the next-to-last page of Chen is found in the last sentence of the paragraph 
headed by: "3. Birch reduction (2)." With all due respect, the elemental analysis that the 
Examiner is referring to appears erroneous. One of ordinary skill in the art would recognize that 
this elemental analysis is erroneous and nonsensical. One of the errors involves the element 
fluorine, which is not part of the single-wall carbon nanotube material, the added chemical 
reactants or solvents, or the reactor vessel. The second problem with the elemental analysis is 
that it does not relate to what is bonded to the single-wall carbon nanotubes. hi fact, the 
elemental analysis is nonsensical if the moieties were assumed to be bonded to the single-wall 
carbon nanotubes, because the amount of bonding would be greater than the theoretical limit of 
one substituent per two carbons and result in the destruction of the single-wall carbon nanotubes. 
One of ordinary skill in the art would recognize that this elemental analysis is flawed and 
requires interpretation based on the actual "reduction" chemistry done on the single-wall carbon 
nanotube material. 

The Applicant, therefore, contends that some of the data in this elemental analysis appear 
completely incorrect and other components of the data cannot and do not relate to moieties or 
substituents covalently bonded to the single-wall carbon nanotube material. More detail 
regarding these two contentions is given below. 

(1) First, regarding fluorine in the elemental analysis, the elemental states 8.32% F. As 
there is no source of fluorine in the method or components recited, this appears to be 
an error in the stated elemental analysis. That the nitrogen in the elemental analysis is 
also stated to have the same content of 8.32%, and, that it would be highly unlikely 
that two elements would have exacfly the same component percentage in a sample, 
the inclusion of fluorine in the elemental analysis appears to be an error in proofing 
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(2) Second, although the elemental analysis of Chen includes an amount of N (nitrogen), 
the chemical method is a reduction, which adds hydrogen to double bonds, not 
nitrogen. Although Chen cites the reduction method to be a "Birch reduction (2)," the 
method is actually more specifically known as the "Benkeser" reduction. Both the 
Birch and the Benkeser reductions are known reduction methods, and both attack 
double bonds and form carbon-hydrogen bonds. In the Birch reduction, the solvent is 
liquid ammonia, and, in the Benkeser reduction, the solvent is a primary amine, of 
which ethylamine and ethylenediamine are the most commonly used. These solvents 
are used because the lithium used in these reductions dissociates "more or less 
completely into Li^ and solvated electrons." {See "Handbook of Reagents for Organic 
Synthesis Oxidizing and Reducing Agents" Edited by S. D. Burke and R. L 
Danheiser, John Wiley & Sons, New York, 1999, p. 195, col. 2 and p. 196, col. 1, 
attached as Exhibit A.) 

(3) Because ethylenediamine is a solvent in the reduction cited in Chen, neither 
ethylenediamine nor fragments of ethylenediamine is bonded to the single-wall 
carbon nanotubes and, therefore, consequently, nitrogen is not bonded to the single- 
wall carbon nanotubes. One of ordinary skill in the art would recognize that the cited 
"Birch" reduction (actually a Benkeser reduction) would attack double bonds and 
form carbon-hydrogen bonds, not bonds with carbon or nitrogen. Therefore, one of 
ordinary skill in the art would recognize that this reduction method would not form a 
covalent bond with the carbon or nitrogen atoms in the ethylenediamine molecule. 

(4) Since the ethylenediamine in the Chen "Birch reduction (2)" (actually a Benkeser 
reduction), remains intact as a solvent, nitrogen does not bond to the carbon nanotube 
material. However, ethylenediamine has a propensity to stick or adhere non- 
covalently to carbon nanotubes, even after copious rinsing. Although not bonded to 
the carbon nanotube material, ethylenediamine adsorbs and adheres quite tenaciously 
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to the carbon nanotubes, and, thus, it is not surprising that it would still be present in 
the washed single-wall carbon nanotube material as ethylenediamine, and be part of 
the elemental analysis of the sample. This propensity to adhere to the nanotubes can 
explain the nitrogen in the elemental analysis. 

(5) If one attributes all the nitrogen to adsorbed ethylenediamine and backs out the 
appropriate number of moles of carbon and hydrogen to correspond to the 
stoichiometry of ethylenediamine (C2N2H8), then the remaining hydrogen in the 
sample analysis is plausible for the reduction reaction, /.e., one hydrogen atom to 
about 10 carbon atoms. 

(6) If the ethylenediamine is not backed out of the elemental analysis and the full amount 
of hydrogen (H) were bonded to the nanotubes, the ratio would be one hydrogen atom 
to 1.42 carbon atoms. The theoretical limit for fiill substitution on a single- wall 
carbon nanotube is one substituent per 2 carbons. Higher substituent level causes the 
bonds in the nanotube wall to break and, thereby to destroy the integrity of the single- 
wall carbon nanotubes. Without backing out the adsorbed ethylenediamine, this 
higher level of substitution (Le., 1 H to 1.42 C) would be nonsensical because the 
single-wall carbon nanotubes would be destroyed. 

Therefore, in summary, one of ordinary skill in the art would recognize that the fluorine 
reported in the elemental analysis of Chen is erroneous and that the nitrogen in the elemental 
analysis in the "Birch reduction (2)'' of Chen does not relate to bonded nitrogen, but rather 
adsorbed ethylenediamine. 

However, assuming, for the sake of argument, the scenario wherein hydrogen atoms are 
covalently bonded to the sidewall of the single-wall carbon nanotubes in Chen, Applicant has 
amended independent Claim 52 to include the elements of Claim 53, which lists substituents, 
none of which are hydrogen. (Accordingly, Claim 53 is hereby cancelled.) Furthermore, Chen 
does not teach or suggest the claimed substituents in the claimed ratios of Claim 52. Claims 54 
and 55 were amended to depend from Claim 52 instead of cancelled Claim 53. 
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Likewise, Applicant has also amended independent Claim 62 to include the elements of 
Claim 63, which lists substituents, none of which are hydrogen. (Accordingly, Claim 63 is 
hereby cancelled.) Furthermore, Chen does not teach or suggest the claimed substituents in the 
claimed ratios of Claim 62. Claims 64 and 65 were amended to depend from Claim 62 instead of 
cancelled Claim 63. 

Likewise, Applicant has also amended independent Claim 72 to include the elements of 
Claim 73, which lists substituents, none of which are hydrogen. (Accordingly, Claim 73 is 
hereby cancelled.) Furthermore, Chen does not teach or suggest the claimed substituents in the 
claimed ratios of Claim 72. Claims 74 and 75 were amended to depend from Claim 72 instead of 
cancelled Claim 73. 

Likewise, Applicant has also amended the independent Claim 86 to include the elements 
of Claim 87, which lists substituents, none of which are hydrogen. (Accordingly, Claim 87 is 
hereby cancelled.) Furthermore, Chen does not teach or suggest the claimed substituents in the 
claimed ratios of Claim 86. Claims 88 and 89 were amended to depend from Claim 86 instead of 
cancelled Claim 87. 

Regarding amended Claims 52, 62, 72 and 86, Chen does not teach or suggest the 
claimed substituents in the claimed ratios. Thus, Claims 52, 62, 72 and 86, as amended, are 
neither anticipated nor prima facie obvious over Chen, 

Likewise, Claims 54-55, which are dependent upon amended Claim 52, Claims 64-66, 
which are dependent upon amended Claim 62, Claims 74-75, which are dependent upon 
amended Claim 72, and Claims 88-93 and 95-96, which are directly or indirectly dependent upon 
amended Claim 86, are also neither anticipated nor prima facie obvious over Chen for the same 
reasons that independent Claims 52, 62, 72 and 86, as amended, are neither anticipated or prima 
facie obvious over Chen. 

Regarding Claims 54 and 55, the Examiner notes that "Claims 54 and 55 do not require 
that the linear chain embodiment be chosen." Office Action at 2. To that end, the Applicant has 
amended Claims 54 and 55 to require the embodiments cited in Claims 54 and 55 to be chosen. 

Therefore, as a result of the foregoing, Applicant respectfully requests that the Examiner 
withdraw his rejection of Claims 52, 54-55, 60-62, 64-66, 70-72, 74-75, 80-86, 88-93, 95 and 96 
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under 35 U.S.C. § 102(a) as being anticipated by, or in the alternative under 35 U.S.C. § 103(a) 
as obvious over Chen. 



IL SUGGESTED AMENDMENTS 

Examiner states that "Claims 67 and 77 are interpreted to require a metal in the product," 
and that "[a]mendment to this end is suggested." Office Action, at 2. 

As suggested by the Examiner, Applicant has herein amended Claims 67 and 77 for 
clarity by including the phrase "such that the product comprises a complexed metal." Applicant 
respectfully asserts that the amendments to Claims 67 and 77 are not narrowing amendments 
made for a reason related to the statutory requirements for a patent that will give rise to 
prosecution history estoppel. See Festo Corp. v. Shoketsu Kinzoku Kogyo Kabushiki Co., 122 S. 
Ct. 1831, 1839-40, 62 U.S.P.Q.2d 1705, 1711-12 (2002). 

IIL OBJECTED TO CLAIMS 

The Examiner has indicated that Claims 56-58, 67, 68 and 76-78 are objected to. Office 
Action, at 2. The Examiner has apparently objected to these claims in that they are dependent 
claims that depend (directly or indirectly) from rejected independent claims. 

In light of the amendments to independent Claims 52, 62, 72 and 86, from which all of 
the objected to Claims 56-58, 67, 68 and 76-78 now (directly or indirectly) depend, it is asserted 
by the Applicant that these dependent Claims 56-58, 67, 68 and 76-78 now depend from 
allowable independent claims. 

In light of the foregoing. Applicant respectfully requests that the Examiner withdraw his 
objection to Claims 56-58, 67, 68 and 76-78. 

IV. CONCLUSION 

As a result of the foregoing, it is asserted by Applicant that the Claims in the Application 
are now in a condition for allowance, and respectfully requests allowance of such Claims. 

Applicant respectfully requests that the Examiner call Applicant's attomey at the below 
listed number if the Examiner believes that such a discussion would be helpful in resolving any 
remaining problems. 
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RESPECTFULLY SUBMITTED, 
WINSTEAD SECHREST & MINICK P.C. 




P.O. Box 50784 
Dallas, Texas 75201 
(512) 370-2870 
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Lithium^ 

[7439-93-2} U (MW6.94) 



(powerful reducing ageni;^ used for partial reduction of aromatics 
and conjugated polyenes;'*'™"** conversion of alkyncs lo trans- 
alkenes;^°'^ stereoselective reduction of hindered ketones;'* enone 
reduction and regioselective alkylation;^"**^ reductive cleavage 
of polar single bonds*") 

Physical Data: mp 180.5 "C; bp 1327 ± 10°C; d 0.534gcm-\ 

Natural isocopic composition: *^Li (92.6 %); ^Li (7.4 %). 
Solubility: 10.9 g/lOO g NH3 at -33**C (= 74.1 g/L NH3); 36.5 

g/LMcNPl2 at -23 ''C. 
Form Supplied in: under Ar. as solid in the form of wire, ribbon. 

rod, foil, shot, ingot, or as a powder; in mineral oil, as wire. 

shot, or as 25-30 wt % dispersions. 
Purification: commercially available in up to 99.97% purity. In 

general, lithium is not further purified except for culling off the 

surface couting. 

Handling, Storage, £uid Precautions: best stored under mineral oil 
in airtight steel drums and handled under Aror He. Dispersions 
in mineral oil segregate on storage and uniformity is reslored by 
stirring. The mineral oil is washed off under A r with pentane or 
hexane, and the melal is cither dried in ap Ar stream or rinsed 
with the reaction solvent. Dry Li powder i.s extremely reactive 
toward.*! air, H2O vapor, and N?. The metal reacts rapidly with 
moist air al 25 '^C, but wiih dry air or dry O2 only al higher tem- 
peratures (>100''C). A slight blow can initiate violent burning. 
Reaction with N2 already occurs at 25 'C, but is inhibited by 
truces of O2. Li reacts readily with H20» but does not spon- 
taneously ignite as the other alkali mctcils do. It reacts rapidly 
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with dil HCl and H2SO4 and vigorou.sJy with HNO3. Ready 
reaction occurs with halogens. 



Reducing Sj'stems* For reductions with Li, liquid Ammonia 
or primary amines are most often the solvents of choice. Li disso- 
ciates in these solvents more or less completely into Li^ and sol- 
vatcd electrons, producing deep-blue metastable solutions.^ Ethe- 
real solvents (peroxide-frcel) such as THE or DME may be used 
alone, but are usually used as cosolvenls with NH3 or amines. 
Li solutions in HMPA are quite unstable in contrast to Sodium 
solutions, but are stabilized by THF.^ Reduction occurs by a se- 
quence of single electron and proton transfers to the organic sub- 
strate, leading to saturation of multiple bonds or fission of single 
bonds.**'"'* 

Li-NUy. Li has a higher normal reduction potential^ and molar 
solubility*^ in liquid NH3 than Na or Potassium (see Table 1). This 
permits the use of larger quantities of cosolyenls for substrates 
that are less soluble in NH3. The concentrations of Li in NH3 
used in reactions vary widely, from 0.1 to 3 g Li/100 mL NH3. 
Concentrations near saturation form a second, less dense, bronze- 
colored phase which is normally avoided.^ 



Table 1 Solutions of AlkaH Metals in Liquid Ammoiua 





Solubility* at -33 C 






(gmctal/lOOgNHj) 


Normal reduction 


Metal 


(g-atomM/molNHj) 


potential* at -50 C(V) 


Li 


10.9(0.26) 


-2.99 


Na 


24.5(0.18) 


-259 


K 


47.8(0.21) 


-2.73 



Reductions are performed either in the abscrK:c or presence 
(Birch conditions^*') of a proton source, depending on the de- 
sired products.^"'***** An added proton source can effect reduc- 
tions which do not occur in its absence (e.g. benzene reduction). 
It can lead to higher saturation (e.g. in enone reduction) or sup- 
press dimerization and base-catalyzed transformations of primary 
products. EtOH and f-BuOH are the most common proton donors. 
Primary alcohols protonate the intermediate anions more rapidly, 
but tertiary alcohols react more slowly with the meuil. Other pro- 
ton donors arc NH4CI, HzO^ and various amines. 

The order of adding the reagents can influence the product 
distribution.** Most often, Li is added last, until* the blue color 
of the solution persists. For less reactive substrates, alcohol ad- 
dition is delayed (Wilds-Nelson modification).^** The reaction is 
concluded by quenching exces$ Li mildly and clticiently with 
sodium benzoate* or with excess EtOH and then NH4Ci, and NH3 
is allowed to evaporate. 

Di.stillation of NH3 from Naor through a BaO column removes 
moisture and iron impurities. The latter cataly/c the reaction of 
alkali metals with the added alcohol and NHs.^ The Li-N H3-ROH 
sysiem is less sensitive lo traces of iron than Na-NHi-ROH, which 
accounts in many instances for its superiority.^ Utliium Amide is 
less soluble in NH3 than Sodutm Amide and Potassium Amide, 
and basc-catalyzcd formation ot side products is less freciuenl.**^ ' 
Nevertheless, in many cases similar results are obtained with Li 
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and Na in NH?; Li is preferred for less reaciivc substratej; and Na 
when overreduction ist a problem.' 

Lithium/Primary Amines. Lj forms stronger, but less selective, 
reducing agents with primary amiiics (Bcnkeser reduction). 
The higher reactivity is probably caused by higher reaction 
temperatures*' '* and possibly also by smaller electron solvation.* 
The reactivity can be modified by addition of alcohols.*'' The 
U-aminc soluiions seem more sensitive to catalytic decomposi- 
tion than Li in The choice of the amine is limited by the 
solubility of Li; eihylamine and ethylenediamine are most com- 
mon. Na is hardly soluble in amines (e.g. more than 100 times 
less soluble in ethylenediamine at room temperature than Li)." 
Reactions of calcinm in amines have been described.*^ 

Reduction of Aromatic Conij)ounds* '\ Benzene and its 
derivatives arc reduced to 1 ,4-cyclohexadiencs with Li-NHj in the 
presenceof a proton source (sec also Sodium^Ammonia). Deriva- 
tives with clectron-donating substituenis lead to I-substitutcd cy- 
clohexadicnes. Thus reduction of an isole derivatives furnishes 1- 
raeihoxycyclohexa-l,4-diencs (eq 1).^ 



McO' 




McO 



Hydrolysis of such dienol ethers io cyclohex-S^nones or with 
jsomerization to cyclohex^2-enones has found wide application 
m syntheses of steroids, terpenoids, and alkaloids. Li is su- 
perior to Na for tlie more difficult reductions of 1,23-subsiituted 
anisole derivatives,^'' though sometimes even excess Li gives poor 
rcsulu. Anisolcs arc more readily reduced than phenols (eq 2),*^ 
but higher concentration of Li in NH3 may effect phenol reduction 
to cyclohexenols (cq o)}^ 




OMc 




OMc 



(2) 



CO-»K 



2. NHjQ 



(4) 



CO2H 



CO2H 




2. HiOH 



The dienolate formed during the reduction can be alkylated in 
situ with aikyi halides/« " epoxides,'' or a.p-unsaturatcd esters 
(eq 5)'^ to give l-subsUiuted dihydrobcnzoic acids. Rearoniatixa- 
tion provides alky [-substituted aromatic compounds. 



CO2H 



1. U-NHj.-78«C 

2. McCHsCHCOzMc 

70% 



(5) 



Benzamides and alkyi benzoatcs can be reduced to the 1.4- 
dihydro amides and esters, respectively, with Li-NHj-z-butanol. 
but K-NH3-/-butanoI appears superior.^^ However, Li may be 
better for in situ reductive alkylations. or K+ may be exchanged 
with Li+ before the alkylation step.^' Reductive mcthylation of 
Mbenzoyl-L-prolinol derivatives afforded excellent diastcreose- 
Jectivitics, irrespective of the use of U, Na, or K (eq 6)?^ 




m 



^OMc 



R* = OMc. ca. 85%, dc >260: 1 
R'=Mc.90%.de<I:99 

The strongly activating and easily rcmo\-abIc trimeihylsilyl 
group has been used to direct the rcgiosclectiviiy of reduction 

(cq 1)P 



4..1 M Li-NJlj 



EiOH 
76% 



(3) 



Electron-acceptor subsiituents enhance reduction rates and pro- 
mote 1.4-redueUon at the substituted carbon atoms, in-espective 
of alkoxy. amino, or alkyI subsiituents. Ben7,oic acid derivatives 
are readily reduced to the I.4-dihydn) derivatives. The presence 
ot an alcohol is not necessary, in contrast to the derivatives 
with electron-releasing subsiituents. it can even result in over- 
reduction, as the lithium alcoholate facilitates isomerization of 
the 1.4-dihydro product to the 3,4-dihydro isomer (eq 4)." 

Usu ofAbbrexHoUtms md Journal Codes on Endpapers 




OMe 



I-U-NH,.-78'C.67% 



TMS 



2. NBU4F 

5tMiO% 



or"'- 



The Ln-amine-alpohol reagents also reduce benzxne deriva- 
tives to cyclohexadiencs. and are usually applied when reduc- 
tion in NH3 failsJ'* *' .Thus reduction of dehvdroabieiic acid 
with Li-NH3W-BuOH afforded 35% of diene while Li-EiNH,-/- 
CsHmOH gave 81% (eq 8).^^ The importance of the nature 
of the proton source is demonsinited by tlie fact that nei- 
ther Li-NH3-EtOH nor Li-EtNH2-EtOH gave any appreciable 
amount of rcducdon product. 



n 
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Reduction with U-amine gives mainly cycIohcjQ&ncs due to 
isomcrization of the initially formed l.4-dicn2 by the stroag alky- 
lamidc base.^'''' Mixtures of rcgioisomers arc formed, and best rc- 
suks favoring the most stable isomer are obtained with mixtures*'* 
of primary and secondary amines (cq 9),^ 




(9) 



U-ElNHz 79%,87;J3 
U-EeNHr-MejNH (1:1) 88%, 9r,:4 



Condensed aromatic hydrocarbons are reduced more easily than 
those in the benzene series. Carefully chosen reaction conditions 
lead to the scJecUvc formation of different products.*** Most ex- 
tensive reductions arc achieved with Li-ethylenediaminc,^ while 
Na-NH3 is one of the mildest reagents.^' Birch and Slobbc discuss 
the reduction of heterocyclic aromatics/'* 

Lithium-induced cychzation of M'-binaphthalcnes followed 
by oxidation of the dianion affords })er\Iencs.^ 3,10- 
Dimcthylperylene was obtained in 95% (eq l(>a)f^» Cyclizations 
to tetrasubstitutedpeo'Ienes proceeded in 36-eW%,^ while simi- 
lar reactions with K seem somewhat higher yielding.^^" However, 
the synthesis of an l-a!Icylatcd perylcne was only successful widi 
Li(eq lOb).^ 




(a) R» « Me, R2 = H I . U. THF. A; 2. 02; 95% 

(b) R» = H, R= = (CH2)5iMc I . Li. DME. A: 7. CdClj: 30% 

I. K, DME, 25 'C: 2. CdClj; <5% 



Reduction of Alkynes*''***. Internal alk>'nes are reduced to 
ffo/ts-alkenes with Li-NHs or sioichiometric amounts of Li in 
amines. Excess Li in amines leads to alkanes. Li-EtNH2-/-BuOH 
efficiently reduced an alkyneprecursorofsphinL;osine to the rmnA- 
alkcne with simultaneous /V-dcbenzylaiion, while triple bond re- 
duction was incomplete with Na-NHs and Li->IH3 (cq J 1).^^ 
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Dissolving metal reduction is the method of choice for the 
reduction of triple bonds in the presence of nonconjugiilcd car- 
boxyl groups,^* v^'hcTcUthium Aluminum Hydride^ in THFfails. 
Li--NH3 afforded higher amounts of ira/f.?-alkcnes in the reduc- 
tion of some cyclic alkyncs compared with Na-NHa/^ Terminal 
triple bonds are protected against reduction wiih Li-NH? by dc- 
protonation with alkali amide, but arc completely reduced to dou- 
ble bonds by Li (or Na)-NH3-(NH4hS04 or by Li in amines. 
Suitably located carbonyl groups give rise to cyclization. yield- 
ing vinylidenecycloaDcanois.^ e.g. cq 12.^^" However, the use of 
,^33a,34a q,. electrochcmical rcduaion^** may give better results. 




Reduction of Ketoiics^=* **-*'^^. Li-NHa-EtOH reduces sieri- 
cally hindered cyclic ketones to equatorial alcohols (cq 13)-^* 
and has been widely applied in the syntheses of llu-hydroxy 
steroids.^' This method is complenaeniary to complex hy- 
dride reductions, which mainly afford the axial alcohols. Bi- 
cycIo[2.2.J]hepianoncs 'arc reduced predominantly to the endo- 
alcohols. Similar results have been found with Na. K, and Ca.^^ 




9a:9p>99:I 



a,p-Unsaturated ketones are reduced to the ketone by 
Li-NH3.^J In fused ring enones the relative configuration at the 
ring junction is determined by proionation at the p-carbon.-'* Re- 
gioselcctive alkylation is achieved by trapping the intermediate 
cnolate with an alkyi halide,^'^ a strategy also applied to cne- 
diones (cq 14).^ In the presence of a proton source, reduc- 
tion to the saturated alcohols occurs."^* Li-EtND2-/-BuOD re- 
duction gives high yields of saturated ketones and has been used 
for die stereaselective deutcriaiion at the p-carbon.^' Conver- 
sion to alkenes is accomplished by phosphoo'Iation of an enolalc 
formed by Li-NHj reduction and subsequent hydrogenolysis with 
Li-EtNH2^/.BuOH (eq 15).*^ 
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Reductions of aromatic ketones art- complicated by possible 
pinacol foimation, reduction ol'thc aronuilic ring, and hydrogenoU 
ysis ol' the C-0 bond. Depending on the reaction conditions* I- 
tctralonc is reduced to tetralin or 1 -leu-alol (eq 1 6);"**^" in fact, seven 
different products can be produced.'*^ 




2. atldition ol* 
NH4CI 



2. NaOfiz or 
addiiittn 10 
aq KH-CA 



CO 

OH 

06 



(16) 



Aromatic aldehydes and ketones are alkylated and deoxy- 
genaled in a one-pot procedure using alkyJ- or atyllithium, fol- 
lowed by Li-NH3 (eq 17)/'' 



O i.RKi R- 

65-97% 



(17) 



R>=H.alkyl,aryl 



Aliphatic Carboxyltc Acids. Simple straight chain carboxylic 
acids arc reduced by Li-MeNHj or Li-NH3 to an intermediate 
imine which can either be hydrolyzed to the aldehyde or caialyti- 
cally reduced to the aniine/^ 

Reductive Cleavage of Polar Single Bonds^. Li in vari- 
ous solvents provides effective reagents for the cleavage of po- 
lar single bonds. Tlie cleavage tendency decreases in die order 
C-l>C-Br>C-Cl>C-^>C-0 >C-N>C-C. Polyhalo com- 
pounds arc completely reduced with Li and /-BuOH in THF (Win- 
slcin procedurc).^^ Allylic, geminal, bridgehead, and vinylic halo- 
gen atoms arc removed, the latter stercospecificaily. NH3 and 
amines have been avoided as solvents due to potential reaction 
with the alkyl halides fay elimination or subsdtution.*"-*'''* How- 
ever, Li~NH3 systems successfully reduce vinylic, bridgehead, 
andcyclopropyl halides'*'"' *' and sometimes give better results than 
the Winstcin-Gassman procedures (eq 1 8)/'^ 



(IB) 



Alkyllilhium reagents nowadays often replace Li for the prepa- 
ration of organoliihium compounds from alkyJ or aiyl bromides.** 
Li has been used to couple alkyl and aryl halides in Wurlz or 
Wurtz-Futig-type reactions,"*' though the use of Na is much more 
important. Reduction of monosubstitutcd alkyl halides or selec- 
tive reduction of gcminal dihalides are best canned out with metal 
or complex hydrides or by catalytic hydrogenation.'*^ 

Sulfides, sulfoxides, and sulfones are reductively cleaved with 
lithium.^ Reducdon of sulfides in THF is improved with caialydc 
naphthalene. Li-EtNHn gave better results than Sodiiwt Amalgam 




for the cleavage of the C-S bond in sulfones (eq 19)/*^ ** and than 
Raney Nickel for some sulfide cleavage.^'*' Scleiiidcs are cleaved 
similarly-^^ Thio- and sclcnoacetals arc reduced to alkanes. 



SO,Ph 




(19) 



Ally], benzyl, and aryl ethers are cleaved by Li in NH3 
or amines.'*-*' Stcrically hindered steroid epoxides, which are 
not cleaved widi LiAlH4, are converted into axial alcohols by 
Li-EtNH2."' Li-cihylenedi amine efficiently cleaves stcrically 
hindered epoxides to tertiary alcohols (eq 20).° 




IJ-H2N(CH2)2NH:; 
89% 




(20) 



Li promoted reducuons of allyloxy and benzyloxy esters^ and 
esters of stcrically hindered secondary and terdary alcohols^*' 
give rise to carboxylaie cleavage, thus presenting a means of 
indirect deoxygenation of alcohols. Furdier reducrive cleavages 
have been found widi activated cyclopropanes,^^ AT-oxides,^ and 
sulfonamides.^' 

Li (and K) promoted reducdon of TiC^ in the McMurry reac- 
tion has been reported to be more reliable dian the riCl3/LiAiH4 

reagent.^* 



Related Reagents. See Classes R-2, R-4. R-7, R I2, R- 
14, R-15. R-23, R-25. R-27, R-28, R-29, R-30, and R-32, 
pages 1-10. Calcium; Lithium-Ethylamine; Potas.sium; Sodium; 
Sodium-Alcohol; Sodium-Ammonia. 
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liberates the free ethynyi 
naphthalenide and NiQj 

tCHj).^^^ This reagent is 
.lire of NaBHV and BiQj 
juced to an alkene, in the 

using Cp22j(H)CL^^ 
give an aUcene, has been 
I DIBAL-H,^* and by 

Ja or amines, the mecha- 
e reduction with trifiuonv 
coming in from the acid 
ism. the reaction can be 
n a tertiary carbocation or 
)n).^* It has been shown, 
Jtyrene by hydridopenta- 
Idition.^^^ 

41 with DIBAL-H usually 
riple-bond reduction lead 
'ever, this is not the case 
vith the reductions with 
I the cis products. 
: hydrides is quite useful, 
^up. without disturbing a 
iscussion of selectivity in 
oes not reduce ordinary 
conjugated dienes,^ and 

ydrogenation?^ In this 
lolecule, which is itself 
mogeneous, is frequently 
vhich, when a palladium 
ydrogen. 

a, 586, 742; IV, 136, 302. 



reduce double bonds in 
.-0 bonds, for example. 
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CHAPTER IS 

M^H4 has a greater tendency than UAIH4 to effect this double reducdon, though 
^n^ska&lU the Foduct of single reduction (of the C=0 bond) is usuaUy 

J^;t fiJ^oun't than the doubly -^--^r'^^^s'^H^CHcSm - 
St double reduction only in cinnamyl systems, (e.g.. with PhCH=CHCOOH). 
jTylmetric catalytic hydrogenation has been reported for conjugated carboxyhc 
acids^"* and conjugated ketones.'™ ^ ^ ^ ^ 

Reduction of only the C=C bond of conjugated C=C-C=0 and C=C--C=N 
sysU"* has been acUevedby many redudng agen.s,^ af^^^^ 
Scatalyst."' PhSiHj and a nickel catalyst"* or CuCl.''' P^S.H3-Mo(CO)5. 
^SScu'" borohydride exchange resin. (BER)-CuS04."« Sml^.''' and 
!lt2tolboran>Seel«-23 for methodsofredudngC=0 bonds in 
^S-gated C=C bonds. The C=C unit of conjugated aldehydes has been reduced 
S AIMe3 with a catalytic amount of CuBr'^' and with ammomnm formate/ 
Jd-C Selective reducUon of the C=C unit in conjugated ketones was accompli- 
!hed with Na2S204 in aqueous dioxane. and nonconjugated alkenes were not 
IdocS"^ Lithim alundniun hidride also reduces the double J^ds of allylic 
ricLls''^andNaBH4inMeOH-THF'"« or NaCNBH3onazeolite»« reduce a.^ 

^turated nitro compounds to nitn^alkanes. Baker's yeast reduces conjugated mat> 
^pounds to nitroalkanes'" and the C=C unU of conjugated ketones. Further^ 
more', both LiAlH^andNaBH,. as well asNaH.tednceordina^^^^ 
when complexed with transition metal salts, such a* FeQi «r CoB^. J^^"^ 
unit proximal to the carbonyl in dienyl amides is selectively reduced with NaBE^ 
Ij.^'^Silanes can be effective for the reduction of the C=C nmt m conjugated 
systems in the presence of copper ^ies. 



15-14 Hydrogenation of Aromatic Rings 



HexahydnHcraddition 



1/4/Dihydro-uklition 



Aromatic rings can be reduced by catalytic hydrogenation,^'^ but ^f^er tempera- 
tures (10l)-200''C) are required than for ordinary double bonds. Though the 
reaction is usually carried out with heterogeneous catalysts, homogeneous catalysts 
have also been used; conditions are much milder with these.''* IS^ld conditions are 
also succes.sful in hydrogenations with phase-transfer catalysts. Many functional 
groups, such as OH. O". COOH. COOR, and NHj. do not interfere with the 
reaction, but some groups may be preferentially reduced. Among these are CH2OH 
groups, which undergo hydrogenolysis to CH3 (10-81). Phenols may be reduced to 
cyclohexanones. presumably through the enol. Heterocyclic compounds are often 
leduced. Thus furan gives . tetrahydrofuran. With benzene rings it is »Kually 
impossible to stop die reaction after only one or two bonds have been reduced. 
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since alkenes are more easily reduced than aromatic rings. ^ Thus» 1 mol of 
benzene, treated with 1 moi of hydrogen, gives no cyclohexadienc or cyclohexene 
but J mol of cyclohexane and |mol of recovered benzene. This is not tnie for all 
aromatic systems. With anthracene, for example, it is easy to stop after only the 9,10- 
bond has been reduced (see p. 49). Hydrogenation of phenol derivatives can lead to 
conjugated cyclohexenones.^^ 

When aromatic rings are reduced by lithium (or potassium or sodium) in liquid 
anamonia (such reductions are known as dissolving metal reductions), nxstislly in the 
presence of an alcohol (often ethyl, isopropyi, or rm-butyl alcohol), 1,4 addition of 
hydrogen takes place and nonconjugated cyclohexadienes are produced.^* This 
reaction is called the Birch reduction?^ Heterocycles such as pyrroles*°° and 
furans"^' can be reduced using Birch reduction. Anunonia obtained commercially 
often has iron salts as impurities that lower the yield in the Birch reduction. 
Therefore, it is often necessary to distill the anunonia. When substituted aromatic 
compounds are subjected to the Birch reduction, electron-donating groups such as 
alkyl or alkoxyl decrease the rate of the reaction and are generally found on the 
nonreduced positions of the product. For example, anisole gives l-methoxy-1,4- 
cyclohexadiene, not 3-methoxy-l,4-cyclohexadiene. On the other hand, electron- 
withdrawing groups such as COOH or CONH2 increase the reaction rate and are 
found on the reduced positions of the product"*^ The regioselectivity of the reaction 
has been examined.^^ The mechanism involves solvated electrons,^ which are 
transferred from the metal to the solvent, and hence to die ring:^ 



H H H 




HH HH HH HH 




H 



I ROH 



H H 




H H 



The sodium becomes oxidized to Na"^ and creates a radical ion (45).^ There is a 
great deal of evidence from ESR spectra for these species.^ The radical ion accepts 



a proton from the alcohol to give a 
another sodium atom. Finally, 46 ao 
alcohol is to supply protons, since 
enough for this purpose. In the ab 
dimoization of 45 are frequently obi 
substrates, (e.g., biphenyl) that the rat 
carbanion corresponding to 46 by a di 
is reversed: first a second electron is | 
a proton, producing the intermediate 

Indium metal reduces the pyri> 
solution.'^^^ Samarium iodide (Sml- 
phenol in MeOfiOCOH.^^^ 

Ordinary alkenes are usually ur 
double bonds may be present in the m 
However, phenylated alkenes, intern 
(with C=C or C=0) are reduced un 

Note that 46 is a resonance hyfc 
canonical forms shown. The question 
up a proton at the 6 position to give tl 
the 1,3-diene?*^^ An answer to this qi 
suggested that this case is an Dlustn 
motion.^^^ According to this principt 
that involve the least change in atoi 
The principle can be applied to the ca: 
The VB bond orders (p. 32) for the sb 
each of the three forms contributes ei 
I5, and l|. When the carbanion is con* 
follows: 



H H 




It can be seen that the two bonds 
products, but for the other four bond: 
tlic change is j + 5 +^ -I- ^. while foi 
3 + 1 + 1 + 5. Since a greater change : 
of least motion predicts formation of 
^use the ^^C NMR spectrum of* 
&mst electron density than the 2 ; 
former more attractive to a proton.*'' 
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H H H H 



KOH 



les a radical ion (45).'*?lTheie is a 
e species.^°^ The radical ion accepts 



a proton from the alcohol to give a radical, which is reduced to a "Aanion by 
LSr sodium atom. Finatty. 46 accepts another proton: TT»s the funcUon ofAe 
■ !S,hol is to supply piotons, since with most substrates ammonia is not actdic 
S^h for this'^/rpL. m the absence of the alcohol, products ansing from 
Sz-tion .of 4? a^ frequently obtained. THere is evidence^ at least with ^m 
Strates,(e.g.,biphenyl)that the radical ion correspondmg to 45 is converted to the 

SScor^pondingto46byadifferentpath^^^ 
Trcversed: first Hecond electron is gained to giveadianion.** which then a 

a proton, producing the intermediate corresponding to 46 

Cium metal reduces the pyridine ring in quinoUne m aq»<»«if^] 
solution.'^ Samarium |odide (Smij) reduces pyridine m aqueous THP- and 

OrfiL"a^?\°i2J^s"are usually unaffected by Birch-reduction conditions, and 
doublebo4may be present in the molecule if they are not conjugated withthenng 

H^ever, phenylated alkenes, internal alkynes (p. 1009). and conjugated alkenes 
fwithC=C or C=0) are reduced under these conditions. 

Note that 46 is a resonance hybrid; that is we can write the two additiona^ 
canonical forms shown. IHe question dierefoie arises: Why does the caibanion pick 
Z a proton at the 6 position to give the 1..4-diene? Why not at the 2 posmon to gr^ 
L 1 S-diener"^ An answer to this question has been proposed by Hrne, who Ym 
suEE^ted tijat tiiis case is an illustration of the operation of die jmncipU ^ least 
n^ion!'" According to this principle, "those elementary reactions v«U be favored 
that involve tiie least change in atomic position and electromc configuration 
n,c principle can be applied to tiie case at hand in the following manner (simplilied) 
TTie VB bond orders (p. 32) for the six carbon-carbon bonds (on ti« assumption th^ 
each of die tiiree forms contributes equally) are (going around die rmg) 1,, 1, t, I3. 
ll and li When die carbanion is converted to die diene, tiiese bond orders change as 
follows: 




It can be seen tiiat the two bonds whose bond order is 1 are unchanged in tiie two 
products, but for the otiicr four bonds tiiere is a change. If the 1.4-dicne is formed 
the change is i + i + ^+i ^^^^ °^ *^ 

1 + 2 + 2 + 1 Since a greiOer change is required to form the 1 .S^hene. the principle 
of least motion predicts formation of tiie 1,4-diene. mis may not be the only factor 
because the "C NMR spectrum of 46 shows tiiat tiie 6 position has a somewtat 
greater electron density tiian tiie 2 position, which presumably would make the 
former more attractive to a proton. 
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Reduction of aromatic rings witlv lithium"'^ or calcium in amines (instead of 
ammonia-caUed Benkeser reduction) proceeds further and cyclohexenes are 
obtained. It is thus possible to reduce a benzene ring, by proper choice of reagent, 
so that one. two, or all three double bonds are reduced. Lithmm tnethylborohy- 
diide (UBEtjH) has also been used, to reduce pyridine denvabves to piperidine 

OsT99 499' n. 566; IH, 278, 742; IV, 313, 887, 903; V. 398, 400. 467, 591, 
670, 743, 989; Vl, 371, 395, 461, 731, 852, 856, 996; VD, 249. 

15-15 Reductive Cleavage of, Cydqpropanes 



coalysi 



CH^CH^CH} 




Cyclopropanes can be cleaved by catalytic hydrogenolysis.*'' Among the catalysts 
used have been Ni. Pd, and Pt. The reaction can often be lun under rmld condi- 
tions.^^ Certain cyclopropane rings, especially cyclopiopyl ketones aiul aryl-^^ 
stituted cyclopropanes,^' can be reductively cleaved by an alkali ^^^"^ 
Na or U) in liquid ammonia.*" Simil^ leductioa has been accomplished photo- 
chemically in the presence of UCIO*. 

F. A Metal on the Other Side 
15-16 Hydroboration 



3 — C=C— + BH3 



When alkenes are treated v^ith borane*^ in ether solvents. BHj adds aao^tte 
double bond.^^ Borane cannot be prepared as a stable pure '^^^f \f 
dimerizes to diborane B2H5). but it is commereiaUy ™ be 

complexes with THF, Me^S,*" phosphines, or tertiary amines, ^^^^^^i,^ 
treated with a solution of one of these complexes CTHF-BHj reacts at 0 C ann ^ 
most convenient to use; R3N-BH3 generally require temp^tures ot ~ 
however, the latter can be prepared as air stable Uquidsor solids. ^We tw ^ 
can only be used as relatively dilute solutions in THF and are «lf^™P ^^s 
moisture in air) or with a mixture of NaBH4 and BF3 ^*«5f ^''Stionofone 
borane m situ."^ Ordinarily, the process cannot be stopped with flie addin ^ 
molecule of BH3 because the resulting RBH^ adds to another molecule ot^^^^ 
give RjBH. which in turn adds to a third alkene molecule. ^/"^^Z^ with 
product is a trialkylborane (R3B). The reaction can be P"*°™5i°° ; _iod^^ 
one to four substituents. including cyclic alkenes. but when tBe alKcne » 
hindered, the product is the dialkylboranc RjBH or even the ^^^^^ 
RBHa"^' For example. 47 {disiamylborane) and 48 {thexylborane) 
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piepaied in this manner. Monoalkylb 
hindered alkenes. as above) and dialk; 



Me. 



Me Me 



Me. 

CH-CH 
\ 



Me 

Me, / 
CH-CH 
Me' 



B- 



Me 



Di&iamylboraae 
47 

the mixed trialkylboranes R^B ar 
metfaylborane (MeBH2),^^* which is 
solvent THF, the reaction can be stc 
borancs (RMeBH)/^^ Reaction of thi 
borane (RR'MeB)/^^ Other monoalky 
BUBH2, behave similarly with intern 
RCH=CH2.^^* 

In all cases, the boron goes to the : 
geos, whether the substituents are ary! 
kov's rule, since boron is mote positive 
is caused mostly by steric factors, thoi 
of the effect of ring substituents on rati 
tion of substituted styrenes showed 
character.*^* When both sides of thi 
disubstituted, about equal amounts c 
possible in such cases to make the s 
attacking molecule. For example, tre 
57% of product with boron on the n 
^e treatment with 47 gave 95% 45 



(Mc2CHCHMc)2BH 



MeaCH^ 
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Another reagent with high regioselect 
*^Mch is prepared by hydroboration o 



o 



^ 9-BBN has the advantage that it i: 
""**s all sortsof double bonds. Disia 
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